The morphology of red cells damaged by 2-aminoethylisothiouronium bromide (AET) has been compared to that of PNH cells by transmission and scanning electron microscopy. The main features of the effect of AET as demonstrated by the scanning electron microscope were spherical and deformed cells, with surface craters and relatively large pits. The transmission electron microscope revealed loss of surface structure, an unusual amount of irregularly shaped electrondense material and fine pits in the cell membranes. The paroxysmal nocturnal haemoglobinuria cells showed, by transmission electron microscope, electron-dense material scattered over the cell and fine pitting; by scanning electron microscope, larger craters were seen and swellings protruded from the cell surface. Although the AET changes were not identical with the natural abnormality of paroxysmal nocturnal haemoglobinuria, the two types of cells were sufficiently similar to each other to support the proposition that AET cells have many of the characteristics of paroxysmal nocturnal haemoglobinuria.
Normal human red cells treated in vitro with the sulhydryl compound 2-aminoethylisothiouronium bromide (AET) acquire many properties of the erythrocytes of paroxysmal nocturnal haemoglobinuria (PNH) (Sirchia, Ferrone, and Mercuriali, 1965) . In particular, they are extremely sensitive to the lytic action ofcomplement, and display a low acetylcholinesterase activity (Sirchia, Ferrone, Milani, and Mercuriali, 1966) . Cells treated with AET have been extensively used as a substitute for PNH red cells in yarious experiments to try to elucidate the abnormality of the red-cell membrane in paroxysmal nocturnal haemoglobinuria. Structural abnormalities have been demonstrated in the PNH red cell by transmission electron microscopy (Lewis, Danon, and Marikovsky, 1965) . These include numerous small pits on the cell surface and an irregular electron-dense material seen in haemoglobin-free cell membranes (ghosts). Scanning electron microscopy is a relatively new technique by means of which it is possible to view the fine details of surface structure in a three-dimensional view with a resolution of 10 to 20 nm. As there is no interference to the image by electron-dense material in the interior of the cell, this is particularly useful in studying the surface of cells (Clarke and Salsbury, 1967; Hayes Received for publication 30 December 1970. and Pease, 1968) . Furthermore, as it is not necessary to have haemoglobin-free ghosts the cells can be fixed immediately, and thus be less likely to undergo artefactual damage.
The study described in this paper was undertaken in order to determine whether the ultrastructural appearances of PNH cells as seen by transmission electron microscopy are reflected in the scanning electron microscope and to compare the appearances of PNH red cells with those of normal cells after damage by AET (PNH-like cells).
Materials and Methods
Cells were treated with AET and prepared as previously described (Sirchia et al, 1965) using the red cells of four normal subjects. For the production of PNH-like cells as a rule 8% AET was used; for some experiments a 2 % solution was used.
For preparing the material for scanning electron microscopy, after the last washing with saline the red cells were fixed with 0-5 % glutaraldehyde in phosphate buffer, pH 7 4, for 30 minutes at room temperature.
As controls, samples from the same subjects were treated in a similar way except that they were not exposed to AET solution. Freshly collected blood from four patients with paroxysmal nocturnal haemoglobinuria was also fixed in 0 5 % phosphatebuffered glutaraldehyde, pH 7 4, for 30 minutes. After fixation all cell suspensions were washed three times in glass-distilled water, resuspended in water, and one drop of the suspension was allowed to dry on a cover glass of 10 mm diameter. After mounting on aluminium stubs the specimens were coated with gold-palladium in a vacuum chamber to a thickness of 50 nm and examined by a Cambridge electron microscope at an incidence angle of 450, using Tri-X Kodak or Polaroid film for recording.
For transmission electron microscopy specimens were prepared as follows: approximately 0 05 ml of samples of AET cells, normal controls, and PNH cells were collected into buffered isotonic saline, pH 7-4, washed twice, and resuspended in 10 ml of 0-1 M NaCl buffered at pH 7-4, and then dialysed against 0 025 M NaCl solution in order to obtain haemoglobin-free ghosts, as described by Danon, Nevo, and Marikovsky (1956) . The ghosts were concentrated by centrifuging at 5,000 g for 10 minutes and then fixed in 1 % osmium tetroxide in phosphate buffer, pH 7-4, for 30 minutes at room temperature. After fixation the preparations were washed twice with double-distilled water and resuspended to an appropriate concentration in distilled water. One drop of suspension was placed on a Formvar-coated copper grid and dried. Shadow casting by platinum was carried out in a height-toshadow ratio of 1 : 4. The specimens were examined in an AEI electron microscope.
Results

CELLS OF PAROXYSMAL NOCTURNAL HAEMO-GLOBINURIA
On transmission electron microscopy the red cell membranes in all cases showed the abnormalities which have previously been described (Lewis et al, 1965) . These include pitting and electron-dense material scattered throughout the surface of the cell (Fig. 1) The majority of the cells had a smooth surface; many, however, contained a variable number of craters distributed randomly on the surface (Fig. 4) . The craters were relatively large; they did not resemble the much smaller pitting observed by transmission electron microscopy.
AET CELLS By scanning electron microscopy the red cells showed considerable variation in size and shape. Many cells lost their central depression and became more spherical whilst some appeared grossly deformed in shape (Fig. 5) . Some of the cells showed an irregular roughened surface. Craters and pits were observed at the surface of the spherical and deformed cells, either one or several being present in an affected cell, with the greater number in the more grossly deformed cells (Figs. 6-8 ). These features were seen in cells exposed to 8% AET. Normal red cells exposed to 2 % AET did not show these defects but when paroxysmal nocturnal haemoglobinuria cells were exposed to 2 % AET they showed a marked degree of pitting with numerous craters in each affected cell (Fig. 9) .
After exposure to 8 % AET defects in membranes of cells were less dramatic when examined by the transmission electron microscope. However, the majority showed some abnormalities: the surface of the cells appeared to have lost the normal corrugated appearance (Figs. 10-13) ; also, there was pitting and an unusual amount of irregularly shaped electrondense material (Figs. 14-15 ). The appearance was reminiscent, at least to some extent, of that seen in paroxysmal nocturnal haemoglobinuria (Fig. 1 pitting. x 7,000. Figs. 6-8 AET cells with prominent pits and craters. Scanning electron microscope. x 14,000. Figs. 12-13 Normal red cell membranes by transmission electron microscope. Figure 12 10,000, Fig. 13 x 28,000. Figs. 14-15 Membranes of AET cells by transmission electron microscope, showing pitting and electron-dense material. Figure 14 x 7,000, Fig. 15 of preparation, and fixation in glutaraldehyde immediately after collection of the sample should reduce artefacts considerably. There has been only one scanty reference to the examination of blood from a patient with paroxysmal nocturnal haemoglobinuria by the scanning electron microscope (Clarke and Salsbury, 1967) . It was thought that the paroxysmal nocturnal haemoglobinuria cells appqared more plastic than normal.
The present study was undertaken partly to try to determine whether the scanning electron microscope would provide any new information on the structure of the red cell membrane and its defect in paroxysmal nocturnal haemoglobinuria, and also to see whether damage from AET resulted in any identifiable ultrastructural alterations in the cell. The findings reported above and illustrated in Figs. 2-4 confirm that there are a number of structural abnormalities in the red cell in paroxysmal nocturnal haemoglobinuria demonstrable by the scanning electron microscope; they include pits and craters which are present in varying numbers in affected cells. These relatively large holes do not appear to be the same pitting defect as is seen by the transmission electron microscope, but as resolution in the scanning instrument used in this study is limited to about 20 nm it would be difficult to visualize clearly pits of the size of the order seen by the transmission electron microscope. The pitting seen by that instrument appears to be unique to paroxysmal nocturnal haemoglobinuria and has not been observed by us in studies on a wide range of blood disorders (and in normal subjects). On the other hand, the craters and holes seen by the scanning electron microscope are not unique and have been noted, albeit only to a small extent, in red cells from newborn infants and from patients with various anaemias, including congenital and drug-induced haemolytic anaemias (Salsbury and Clarke, 1970; and personal observations) .
Another feature of the paroxysmal nocturnal haemoglobinuria cells as seen by the scanning electron microscope was the presence of projections and swellings from the cell surface. It has not been established whether this is a true structural anomaly caused by the defect in the membrane, and occurring either in vivo or in vitro.
The second interest of this present study concerned the effect of AET on red cells in vitro. Cells damaged by AET acquire certain laboratory characteristics of paroxysmal nocturnal haemoglobinuria, notably complement sensitivity with lysis in acidified serum (Sirchia et al, 1965; Sirchia and Dacie, 1967) . The electron microscope investigation has demonstrated that these are to some extent paralleled by morphological and ultrastructural changes in the red cells. The changes include variation in shape and size of the cells With sphering; relatively large craters and holes occur on the cell surface (shown by scanning electron microscopy), and in at least some cells there is also evidence of abnormalities in the membrane although these are not identical to those seen in natural cells of paroxysmal nocturnal haemoglobinuria.
The appearances under the scanning electron microscope are not unique to AET cells. They occur naturally in some congenital haemolytic anaemias, drug-induced haemolytic anaemias, and miscellaneous other anaemias (personal observations). Similar appearances may also be seen in cells damaged in vitro by other chemical compounds known to affect the membrane, eg, phenothiazines (Preston and Lee, 1971) , and by lipid-dissolving detergent compounds such as Nonidet P40 (BDH Chemicals Ltd) (Fig. 16 ). These cells do not, however, give a positive acidified serum lysis test.
In paroxysmal nocturnal haemoglobinuria, even in severe cases, the abnormal appearances are much less marked than in AET cells: only a few craters occur in only a proportion of the cells, and there is a much less pronounced alteration of the cell shape. However, when paroxysmal nocturnal haemoglobinuria cells were treated with 2 % AET-an amount which does not damage normal red cellsthe defects became greatly exaggerated (Fig. 9) . We would conclude that the defects in the membrane in AET cells as seen both in scanning and transmission electron microscope preparations bear sufficient resemblance to the defects seen in paroxysmal nocturnal haemoglobinuria cells to support the proposition, based on serological and enzymatic studies, that AET cells have many of the characteristics of paroxysmal nocturnal haemoglobinuria cells. The defect induced by AET is, however, not identical with the natural abnormality of paroxysmal nocturnal haemoglobinuria.
